
Abstract. Background/Aim: This study aimed to evaluate
the clinical outcome of intensity-modulated radiation therapy
(IMRT) and high-dose-rate intracavitary brachytherapy
(HDR-ICBT) in uterine cervical cancer (UCC). IMRT
consisted of whole-pelvic radiation therapy (WPRT) and
sequential WPRT with central-shielding (WPRT-CS).
Patients and Methods: Thirty UCC patients treated with
IMRT using TomoTherapy, were retrospectively analyzed.
Results: The median dose of WPRT and WPRT-CS was 36
and 14.4 Gy and the median total dose of these was 50 Gy
in 25 fractions (Fr). Median HDR-ICBT dose/Fr to Point A
was 25 Gy/5 Fr. Median 2 Gy per fraction-equivalent dose
(EQD2) of combined WPRT and HDR-ICBT to Point A
(α/β=10) was 71.0 Gy. The 3-year local control, disease-free
survival, and overall survival rates were 89.9%, 83.3%, and
86.3%. Conclusion: IMRT of WPRT and WPRT-CS given in
combination with HDR-ICBT was a feasible therapy
resulting in good disease control and tolerance in patients
with UCC.

With recent increases in the rate of uterine cervical cancer
(UCC) in Japan, the role of radiation therapy (RT) in this
disease has become more important. Standard RT for UCC
includes the combination of external beam radiation therapy
(EBRT) to whole pelvis (WP) using three-dimensional
conformal radiation therapy (3D-CRT) and high-dose-rate
intracavitary brachytherapy (HDR-ICBT) (1-3). Several
recent reports have described the use of intensity-modulated
radiation therapy (IMRT) for WPRT instead of 3D-CRT (4-
7). This strategy appears to provide excellent dose
distribution and fewer acute adverse effects compared with
3D-CRT (4, 8-11). In Western countries, 45-50 Gy of WPRT
followed by HDR-ICBT is recommended as standard
therapy for UCC. However, Asian women typically have a
smaller physique than Caucasian women and may have a
smaller uterus and vagina surrounded by a thinner layer of
fatty tissue. It can be challenging to maintain sufficient
space between the HDR-ICBT source and rectal wall during
treatment for UCC, resulting in excess exposure to the
rectum. Therefore, in Japan and in other Asian countries,
standard EBRT includes the combination of WPRT and
sequential WPRT with central shielding (WPRT-CS) to
avoid overexposure of the rectum in advance of HDR-ICBT.
In 3D-CRT, CS comprises a simple rectangular midline
block of 4 cm in width, formed by multi-leaf collimators
(MCL) (12, 13).

In the present study, we applied IMRT consisting of
WPRT and WPRT-CS instead of 3D-CRT for the treatment
of patients with UCC and evaluated the feasibility, treatment
outcome, and tolerance of this strategy. To our knowledge,
this is the first report of the combination of WPRT and
WPRT-CS using IMRT.
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Patients and Methods 
Between August 2011 and October 2016, 30 consecutive UCC
patients were treated with IMRT using TomoTherapy followed by
HDR-ICBT in our institution. Patients intended for treatment with
curative intent were eligible for participation in this study. They
underwent a workup including basic laboratory studies, contrast-
enhanced computed tomography (CT) scans of the neck to the
pelvis, and magnetic resonance imaging (MRI) of the pelvis, and all
tumors were histopathologically confirmed. In addition, some
patients underwent whole-body positron emission tomography
(PET/CT). Patients were stratified according to the International
Federation of Gynecology and Obstetrics (FIGO) 2008 staging
system. The disease characteristics of the 30 patients are
summarized in Table I. This study was approved by the review
board of our institution (TGE01116-024), and informed consent was
obtained from all patients.

Radiation therapy. Prior to the planning CT, patients were instructed
to drink an appropriate amount of water to maintain an almost-full
bladder. Their bladder volume was measured and recorded using
BLADDERSCAN® (Verathon Inc., Bothell, WA, USA). Patients
were also asked to ensure an empty rectum at the time of planning
CT. When necessary, patients received appropriate laxative
medication to achieve this. Axial images of 2-mm slice thickness
were acquired using an 8-row multi-detector CT (Light Speed, GE,
USA) or 64-row multi-detector CT (Siemens, Forchheim,
Germany). Previously acquired contrast-enhanced CT images and
MR images were fused to the original plain CT images using the
Pinnacle3 treatment planning system (Version 9.2, Philips Medical
Systems, Fitchburg, WI, USA) to delineate the targets.

Contours for targets and organs at risk (OARs) were drawn using
the Pinnacle3 system. The definition of the gross tumor volume
(GTV), clinical target volume (CTV), and planning target volume
(PTV) are shown in Tables II and III, and CTV for pelvic lymph
nodes (LN) and parametrium was delineated according to published
guidelines (14-17). The presacral region typically included 1 cm of
tissue anterior to the S1, S2 and S3 sacral segments of soft tissue.
The lower pre-sacral nodes were included if there was tumor
extension along the uterosacral ligaments, rectal involvement, or
lymph-node metastasis/involvement. In these cases, the entire
mesorectal space was also included in the CTV. Both PTV uterus
and PTV parametrium included each CTV plus a 5-mm uniform
margin, except for anteriorly, where a 7-mm margin was added with
consideration to the inter-fractional variations of bladder volume.
The upper and lower borders of all PTVs in a typical case were L4-
L5 and a transverse line below the obturator foramen, respectively,
depending on tumor invasion. Bowel space was contoured according
to RTOG (radiation therapy oncology group) 1203 criteria (18). 
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Table I. Patient and treatment related characteristics.

Age (years), median (range) 64 (38-91)
Primary tumor size/diameter (mm), 46 (10-70)
median (range)

Performance status (n)
0 22
1 7
2 1

Histopathology (n)
SCC 25 
Adenocarcinoma 1 
Mucinous adenocarcinoma 2 
Papillary adenocarcinoma 1 
Carcinoma 1 

FIGO 2008
IB 6 
IIA 2 
IIB 13 
IIIA 1 
IIIB 7 
IVA 1 

Regional lymph node metastases
Positive 15
Negative 15

SCC: Squamous cell carcinoma; FIGO: international federation of
gynecology and obstetrics.

Table II. The planning goals for target volumes in WPRT planning.

Definition

GTV Primary tumors, involved lymph nodes 
CTV for parametrium According to published guidelines (13-160)
CTV for lymph nodes The common, external, internal iliac, 
regions obturator, pre-sacral lymph nodal regions

[according to published guidelines (14)]
PTV for tumor GTV+1-cm
PTV for involved GTV+5-mm 
lymph node

PTV for lymph node CTV+5-mm
PTV for parametrium CTV+5-mm, except for the anterior, +7-mm
PTV for uterus The entire uterus+5-mm, except for the

anterior, +7-mm
PTV for vagina The entire vagina+5-mm 

Planning goals for Target volume

PTV D50 Prescribed dose (50.4 Gy)
PTV D95 >95% of the prescribed dose
GTV D97-99 Prescribed dose (50.4 Gy)

GTV: Gross tumor volume; CTV: clinical target volume; WPRT: whole
pelvic radiation therapy; PTV: planning target volume.

Table III. The dose constraints for OARs in WPRT planning.

Constraints for OARs

Femoral head Maximum dose <50 Gy
Bowel space V40 Gy <37%
Bladder as low as possible
Rectum as low as possible
Sigmoid loop as low as possible
Body Maximum dose <110% of the prescribed dose

OARs: Organs at risk.
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Treatment plans were generated using Hi-Art system
TomoTherapy inverse planning software based on superposition dose
calculation (Figure 1A and B). A field width of 2.5 cm and a pitch of
0.43 were applied, and the modulation factor was mainly in the range
of 1.5-2.0. In general, the total prescribed dose of WPRT and WPRT-
CS was 50-50.4 Gy. The fraction size was 1.8 or 2.0 Gy for patients
treated with or without chemotherapy, respectively. 

The planning goals for target volumes and the dose constraints for
OARs are summarized in Tables II and III. Updated CT and MRI
images were acquired immediately before the delivery of WPRT-CS
and used to create the treatment plan. First, updated PTVs were
delineated in the same manner as for initial WPRT. Next, CS was
defined as a 4-cm wide structure in the center of PTV, as shown in
Figure 1C. Three nested virtual structures were established within
the CS by contracting its outline in 5-mm steps. The dose constraints
of these nested structures were gradually restricted to reduce the dose
within the center of CS to as low as possible. The PTV for WPRT
excluding the volume of CS was defined as the PTV for WPRT-CS.
The lower, anterior, and posterior borders of WPRT-CS were the
same as those of the PTVs for WPRT. 

As is the case with planning CT, patients drank an appropriate
amount of water to maintain an almost-full bladder, and bladder
volume was measured using BLADDERSCAN®. Image-guided
radiation therapy (IGRT) using megavolt CT (MVCT) is performed
in every fraction of radiation therapy. With the TomoTherapy
system, daily MVCT image registration with treatment-planning CT
is essential for RT. Uterus, bladder, and rectum can be recognized
using MVCT.

The levels of IGRT in this study corresponded to/were equivalent
to Intermediate-IGRT according to EMBRACEs definition (19). 

The schedule for IMRT and HDR-ICBT is shown in Figure 2.
The fraction ratio of WPRT and WPRT-CS was determined
according to tumor volume reduction during WPRT as well as in
accordance with Japanese treatment guidelines for UCC (20). In
most patients, WPRT was performed until the day before the first
HDR-ICBT administration, and WPRT-CS started on the day
after. HDR-ICBT was performed once per week during the
treatment period of IMRT, and twice a week after its completion
where possible. HDR-ICBT was performed using Ir-192
afterloading machines (microSelectron-HDR, Nucletron, the
Netherlands; or MultiSource, Eckert & Ziegler BEBIG, Berlin,
Germany). For HDR-ICBT, a combination of tandem and ovoid
applicators using the Manchester system were applied. The
standard regimen of HDR-ICBT in our institution was 5 Gy per
fraction for Point A using 2D planning (12, 13, 21, 22). Total
dose and fractions of HDR-ICBT were determined in
consideration of the total biological effective dose (BED) to the
rectum in WPRT and HDR-ICBT. That of WPRT was calculated
using the dose to the anterior portion of the rectum, which was
equivalent to the prescribed dose. In addition, that of WPRT-CS
was not taken into consideration. The BED of HDR-ICBT was
calculated at rectal reference points (RP) as defined in the
International Commission on Radiation Units and Measurements
Report 38 (ICRU 38) (defined as the most anterior portion of the
rectum). In reference to a previous report (3), we set a limit of
total BED 3 [BED (α/β=3)] to the rectum for WPRT and HDR-
ICBT to be within the first half of 130 and at least less than 140.
HDR-ICBT was delivered up to a dose of 25 Gy in 5 fractions
unless the total BED 3 for the rectum exceeded the criteria
mentioned above.

Evaluation criteria and statistical analysis. Our institutional
standard follow-up visits were carried out at the Department of
Gynecology and Radiation Oncology to assess treatment outcome
and toxicities. They included physical examination, Papanicolaou
smears (Pap smears), tumor marker assessment, and imaging studies
using echography approximately every 3 months in the first 1-2
years of follow-up, and every 6 months thereafter. Imaging studies
using CT were performed annually. Toxicities associated with
treatment were evaluated using the Common Terminology Criteria
for Adverse Events v4.0. Acute toxicities were defined as therapy-
related adverse events that occurred within 3 months after the
beginning of treatment, and late toxicities as those occurring after
that. The overall survival (OS) rate, disease-free survival (DFS) rate,
and local recurrence (LC) rate from the beginning of treatment were
calculated using Kaplan-Meier curves. The differences between
curves were evaluated by log-rank testing using SPSS for Windows
software, version 23.0 (IBM institute, Armonk, NY, USA). A p-
value <0.05 was considered statistically significant.

Results

All 30 patients completed the treatment series of WPRT,
WPRT-CS, and HDR-ICBT. The median follow-up time was
38.5 months (range=4-87 months). The median duration of
all treatments was 53 days (range=39-64 days). Twenty-one
(70%) of patients completed all treatments within 8 weeks,
as recommended by the American Brachytherapy Society
(23). The prescribed doses are summarized in Table IV. The
total dose of WPRT and WPRT-CS was 50-50.4 Gy in 25-28
fractions (Fr). In three patients, WPRT-CS was not applied
because of insufficient cervical tumor reduction for
intracavitary application of HDR-ICBT after 40 Gy of
WPRT. In the remaining 27 patients, the median total dose
of WPRT and WPRT-CS was 36 Gy (range=20-41.4 Gy) and
14.4 Gy (range=9-28 Gy), respectively. Median 2 Gy per
fraction-equivalent dose (EQD2) of combined WPRT and
HDR-ICBT to Point A (α/β=10) and to the rectum (α/β=3)
was 71.0 Gy (range=57.74-82.56 Gy) and 65.4 Gy
(range=56.96-72.9 Gy), respectively. For the rectum, median
total BED 3 of WPRT and HDR-ICBT was 115.1
(range=67.4-136.1, median total equivalent dose (EQD2)
was 68.9). In 6 patients, the total BED 3 was >130.

Chemotherapy. Chemotherapy was administered to 22 of the 30
patients (73.3%) in 2-6 courses, with a median of 5 courses. For
the remaining 8 patients, chemotherapy was not administered
for the following reasons: advanced age (>80 years old, n=5),
poor performance status (PS) (n=4), renal dysfunction (n=1),
small tumor size (n=1, stage Ib1), multiple myositis (n=1), and
patient refusal (n=1). For some patients, there was more than
one reason that chemotherapy was not administered.

Disease control. Figure 3 shows the Kaplan-Meier curves for
LC, DFS, and OS. Twenty-five of the 30 patients presented
as disease-free (83.3%) at the final evaluation. Three-year



LC, DFS, and OS rates for the entire cohort were 89.9%
(95%CI=0.729-0.967), 83.3% (95%CI=0.657-0.929), and
86.3% (95%CI=0.620-0.923), respectively. Of all 30 patients,
6 experienced disease progression, and the patterns of
progression are shown in Table V. In summary, 4 patients
(cases 1-4) died of metastatic disease. There were two
patients with mucinous adenocarcinoma in this study, and
both of them had progression of the disease (cases 2 and 4).
One patient (case 5) developed local progression without any
evidence of metastatic disease. She developed a uterorectal
fistula 2 months after initial treatment. She was alive with
disease at the time of the final evaluation. Case 6 developed

para-aortic lymph node metastasis 5 years after initial therapy.
She also received 60 Gy in 30 fractions of RT to the para-
aortic lesion. She was disease-free at the last follow-up visit.

Treatment tolerance. Table VI shows treatment-related acute and
late toxicities. All acute toxicities were tolerable/manageable, and
no patient had ≥ Grade 3 excluding hematology toxicity (HT).
Nine patients took >56 days to complete their treatment because
they experienced Grade 3 HT. All cases of HT resolved after
treatment. Treatment-related ≥ Grade 2 late gastrointestinal (GI)
toxicities were observed in 2 patients (6.6%). One patient had
viscous stool 7 months after treatment. The other patient had
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Figure 1. Continued



rectal hemorrhage 11 months after treatment and had argon
plasma coagulation 17 months after her symptoms started. Their
symptoms disappeared after medication. There was no
genitourinary (GU) late toxicity, and no other severe late
toxicities (≥ Grade 3) associated with treatment.

Statistical analysis. The 3-year OS and DFS were
significantly better in patients with the following
characteristics; pathology status of squamous cell carcinoma
(OS; p=0.035, DFS; p=0.015), ≥50 years old at diagnosis
(OS; p=0.006, DFS; p=0.013), and pretreatment hemoglobin

level ≥7 g/dl (OS; p=0.006, DFS; p=0.013). Treatment time
>56 days did not significantly affect OS, DFS, or LC; neither
did any of the following factors: presence of lymph node
metastasis, clinical stage (FIGO stage>II), tumor diameter
>4 cm, chemotherapy, or application of WPRT-CS.

Discussion 

The aim of this study was to evaluate the feasibility,
treatment outcome, and tolerance of the combination of
IMRT with HDR-ICBT. The characteristic of our study was
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Figure 2. The representative schedule of the IMRT and HDR-ICBT. After WPRT and sequential WPRT CS, the HDRT ICBT was delivered once or
twice per week. IMRT: Intensity-modulated radiation therapy; WPRT: whole pelvic radiation therapy 5; WPRT-CS: whole pelvic radiation therapy
with central shielding 6; HDR-IBCT: high dose rate intra cavity brachytherapy.

Figure 1. Representative dose distribution of WPRT and WPRT-CS field in IMRT and 3D-CRT. A) WP field in IMRT (upper) and 3D-CRT (lower).
B) WP-CS field in IMRT (upper) and 3D-CRT (lower). Red line: tumor; Yellow line: bladder; Light blue line: rectum. 3D-CRT plan was made for
the planning study to compare the dose distribution to that of the IMRT plan. C) Central shielding. The central shielding (CS, light blue line) was
defined as a 4-cm wide structure in the center of PTV 3 (pink line). Three nested virtual structures (light violet line, light green line, and green
line) were established within the CS by contracting its outline in 5-mm steps. WPRT: Whole pelvic radiation therapy; WPRT-CS: WPRT with central
shielding; IMRT: intensity-modulated radiation therapy; 3D-CRT: three-dimensional conformal radiation therapy.



the application of IMRT, which consisted of WPRT and
WPRT-CS, to UCC. WPRT-CS was usually applied in Asian
women who typically have a smaller physique than Western
women. Some studies to date have presented treatment
outcomes of the definitive RT for UCC patients using Helical
TomoTherapy as well as other IMRT modalities (1, 2, 8, 24,
25). However, none of these studies applied WPRT-CS,
given that they enrolled patients in Western countries.
Tamaki et al. reported a dosimetric analysis of WPRT-CS
using VMAT for UCC as a planning study (26). To the best
of our knowledge, this is the first report of the combination
of HDR-ICBT and IMRT, which consisted of WPRT and
WPRT-CS using TomoTherapy or other IMRT modalities, for
UCC patients in clinical practice.

Comparison with other IMRT studies (outcomes and
toxicities). Table VII shows the treatment outcomes of
definitive RT for UCC using TomoTherapy or other IMRT
methods. Application of CS reduced the dose to the rectum as
well as to the GTV of the primary tumor. In addition, the
delivery dose of HDR-ICBT in the present study was
relatively lower than that in other studies. As shown in Table
VII, the OS and LC of our patients were comparable with
those of patients receiving other IMRT modalities without
WPRT-CS. In the present study, the incidence of acute and late
GI and GU toxicities was comparable with those of previous
IMRT studies of WPRT and HDR-ICBT (4, 7-11, 25-28).

Comparison with 3D-CRT studies (outcomes and
toxicities). The clinical outcome of the present study was
also comparable with that of 3D-CRT using WPRT-CS
(Table VII). In previous reports of WPRT and WPRT-CS
for UCC applied by 3D-CRT, the late GI and GU toxicity
rate was 20%-30% (13, 29-31). In our study, the rate of late
Grade 2 toxicity was only 6.6%, and no patients developed
Grade 3 or 4 toxicities. It was presumed that the
TomoTherapy technique reduced the dose distribution to
the bladder, colon, and intestine in WPRT and WPRT-CS,
leading to a lower incidence of GI and CU toxicities than
that seen with 3D-CRT. In addition, as previously stated,
we strictly set the limit for total BED3 of WPRT and HDR-
ICBT for the rectum to be within the first half of 130 and
at least <140, according to criteria proposed by Ogino et
al. (3). These careful considerations/attentions to reduce the
dose of OARs may have led to the low incidence of GI and
GU toxicities. In further studies, it will be necessary to
evaluate dose delivery to OARs using TomoTherapy
compared with 3D-CRT.

An advantage of WPRT-CS using TomoTherapy was that,
compared with 3D-CRT, sufficient dose was delivered to the
pre-sacral lymph node area, while that to the bladder and
rectum was suppressed (Figures 1 and 2). However, one
disadvantage was that the maximum dose to the anterior wall

of the rectum in CS was about one-third of the prescribed
dose. In contrast, when using the 3D-CRT modality, the dose
is typically almost 0 Gy. In this study, we considered the
rectal dose in CS to be small enough to be negligible and did
not consider it when calculating the BED for the rectum. It
is possible that the total rectal dose may have been higher
than our estimation. However, the incidence of rectal
hemorrhage was comparable with or lower than those of
previous studies using 3D-CRT (32-34).

Hematologic toxicities. Our results showed a relatively
higher incidence of acute HT than previous reports of
IMRT and 3D-CRT (Table VIII). One possible reason may
be that 13 of the 30 patients had a low hemoglobin level
(<10 g/dl; already equivalent to Grade 2) before
treatment. Furthermore, 5 of the 13 patients showed Grade
3 anemia during treatment. Another reason for this
observation is as follows: in WPRT using TomoTherapy,
a larger volume of pelvic bones was included in the low-
dose area compared with other IMRT and 3D-CRT
modalities, because TomoTherapy provides a continuous
360-degree beam to achieve optimal dose distribution and
dose conformity. Some investigators have reported that
40%-60% of all the bone marrow is distributed in the
pelvic bones, and that HT may be caused when dose
volume parameters in pelvic bone marrow are V20>75%-
80% or V10>90% (35-37). In this study, we prioritized
dose sparing of the bowel over that of bone marrow,
hence, the treatment plan did not have any constraints on
the estimated dose to the bone marrow. Therefore, it is
possible that a relatively large volume of bone marrow
received a low dose, temporarily causing bone marrow
suppression. Careful dose sparing of the bone marrow
may be necessary to avoid bone marrow suppression when
using TomoTherapy for WPRT.
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Table IV. Prescribed doses and chemotherapy of the 30 patients.

RT sequence/schedules Median (range) 

Total WPRT+WPRT-CS 50.4 (45-50.4) Gy
WPRT/WPRT-CS (n=27)* 36.0 (20-41.4) Gy/14.4 (9-28) Gy
Involved lymph nodes 54 (53.6-60) Gy
HDR-ICBT 25 (15-30) Gy in 5 (3-5) fractions

Dose to Point A (EQD2 (α/β=10)** 65.4 (range=56.96-72.9) Gy
Rectum EQD2 (α/β=3), 68.9 (range=40.4-81.2) Gy
(WPRT+HDR-ICBT)

*In the remaining 3 patients, 50.4 Gy of WPRT but not WPRT-CS was
applied. **Dose to Point A (EQD2 (α/β=10) of WPRT+HD-ICBT). RT:
Radiation therapy; WPRT: whole pelvic radiation therapy; WPRT-CS:
whole pelvic radiation therapy-central shielding; HDR-ICBT: high dose
intra-cavity brachytherapy; EQD: median equivalent dose.



Treatment delays. Treatment delays of >56 days have been
associated with poor clinical outcomes (38-41). In our study,
nine patients took >56 days to complete their treatments
because they experienced Grade 3 HT. However, extended
or longer treatment time (>56 days) did not significantly
affect OS, DFS, or LC. The longest treatment time among
these 9 patients was 64 days (n=2), which was only 8 days
over 56 days. We considered such a short delay to have no
significant effect on clinical outcome.

Validity/Appropriateness of IMRT for UCC. Some reports
have described the risk of intra- and inter-fractional organ
motion when using IMRT for UCC, such as that of the uterus,
bladder, and rectum (27, 28, 35). Concerning these dynamic
changes of position and volume of organs, precise dose
distribution by IMRT with the small margins applied in our
patients may be subject to criticism. The following strategies
were taken to address this issue: first, prior to the planning
CT, as well as daily treatments, patients were asked to
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Figure 3. Clinical outcomes of the patients with cervical cancer after definitive radiation therapy. A) Overall survival. B) Disease-free survival. C)
Local control.



maintain an almost-full bladder and to ensure an empty
rectum as described in Material and Methods. Second, in the
contouring process, previously acquired contrast-enhanced
CT images and MR images were fused to the planning CT
images to delineate the GTV and CTV precisely, and in our
treatment planning, steep dose gradients around GTV and
uterus were avoided, allowing possible organ motion. Third,
intra-fractional organ motion should be considered. Recent
reports have evaluated precisely intra-fractional changes
during radiotherapy of cervical cancer; Visser et al. reported
that if the treatment plan can be delivered within 10 minutes,
a 5 mm PTV margin for CTV cervix-uterus is enough to
account for intra-fractional anatomical changes (42).
Heijkoop et al. reported that intra-fractional cervix-uterus
motion was up to 5-6 mm during their treatment time frame
of 20.4 minutes (43). In our study, the PTV margins were 1
cm for cervical tumor and 5-7 mm around the uterus and
parametrium. The treatment time was less than 7 minutes,
including the MVCT scan. In reference to these reports
mentioned above (42-44), the treatment planning of our study
may be sufficient to afford intra-fractional movement of
pelvic organs. Lastly, as inter-fractional motion, deformity,
and regression of the target volume decreased the size of the
uterus, daily changes in the bladder and rectum volume are
included. With the TomoTherapy system, image registration
between the daily-acquired MVCT and original treatment-
planning CT is required to perform RT. Schwarz et al.
reported that one potential advantage of Helical
TomoTherapy for IMRT delivery is the on-board imaging
with daily MVCT scans. These improve daily setup and
ensure that the pelvic target is within the PTV (36). In our
clinical practice, radiation oncologists routinely check the
inter-fractional motion and the dose distribution to target and
OARs on MVCT immediately before irradiation. When the
MVCT does not match the treatment planning isodose line, a
new CT is immediately obtained to update the treatment

planning. The mean re-planning in this study was one
(range=1-4) time. A new treatment plan was applied within 2
days at least. 

For the future, some challenges remain to be solved: First,
further consideration is needed for the control of mucinous
adenocarcinoma. Both patients with this histology type had
a poor outcome in our study, in line with previous reports
(45-47). Okame et al. reported that radical hysterectomy
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Table V. Pattern of failure.

Case FIGO 2008 Histopathology Total tumor Local Distance Progression Disease Overall
EQD2 progression metastases free survival status survival

(α/β=10) (mo) (mo)

1 IIIB SCC 66.7 + lung, liver 2 DOD 4
2 IIB MA 69.4 + lung, liver 3 DOD 10
3 IB Ca 61.3 – lung, liver, bone 3 DOD 4
4 IIIB MA 70.9 – PAN, SCN 12 DOD 36
5 IIIB SCC 65.8 + – 2 Alive with disease 15
6 IVA SCC 69.3 – PAN 60 Alive without disease 87

mo: Months; SCC: squamous cell carcinoma; MA: mucinous adenocarcinoma; Ca: carcinoma; PAN: para-aortic lymph node metastasis; SCN:
supraclavicular lymph node metastasis; DOD: died of disease. EQD2: median 2 Gy per fraction-equivalent dose of combined WPRT and HDR-
ICBT to Point A (α/β=10). (EQD2) of combined WPRT and HDR-ICBT to Point A (α/β=10) and to the rectum (α/β=3) was 71.0 Gy (range=57.74-
82.56 Gy) and 65.4 Gy (range=56.96-72.9 Gy).

Table VI. Acute and late toxicities.

Grade (n)

Acute toxicity 1 2 3 4 5
Hematology toxicity (HT) 
Anemia 7 7 7 – –
White blood cell decreased 2 3 13 1 –
Neutrophil count decreased 1 7 6 2 –
Platelet count decreased 1 5 1 – –

General conditions
Weight loss 1 0 0 – –
Edema 2 1 0 – –
Dermatitis and mucositis 26 4 0 0 0

Gastrointestinal (GI)
Anorexia 6 0 0 0 0
Diarrhea 16 0 0 – –
Nausea 10 1 – – –
Rectal hemorrhage 2 2 0 0 0

Genitourinary (GU)
Urinary frequency 3 1 – – –
Cystitis, non-infective 2 0 0 0 0

Grade (n)

Late toxicity 1 2 3 4 5
Gastrointestinal (GI)

Rectal hemorrhage 0 2 0 0 0

A sign dash (–) indicates that grade is not available.



improved the clinical outcome of patients with mucinous
adenocarcinoma compared with RT (42). Treatment options
for this disease type should be carefully considered. Second,
treatment options for poor responders to WPRT preceding
ICBT should be reconsidered. In these patients, the reduction
in tumor volume was insufficient and the tandem applicators
could not be inserted into the external uterine orifice. It was
difficult to start WPRT-CS, which reduces the dose to the
tumor, while the rectal dose increases up to 50 Gy. Even if
the ICBT could be started after 50 Gy of WPRT, it was
delivered fewer than 5 times, and usually limited to 3 times,
to avoid excess dose to the rectum. There were three such
cases in the current study, one of which developed local
recurrence, suggesting insufficient dose delivery to the
tumor. In such cases, image guided brachytherapy (IGBT)
utilizing intracavitary and interstitial approach may represent
a potential treatment strategy to deliver enough dose to the
tumor without increasing the dose to OARs (48, 49).

The limitations of our study were that the number of
patients was small and that the median follow-up time was
relatively short (38.5 months). In addition, we did not

evaluate the dose distribution to OARs such as rectum and
bone marrow in this study. Further studies are required to
determine the indications, long-term efficacy, and
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Table VII. Summary of published studies on TomoTherapy, IMRT and 3DCRT with CS for cervical cancer.

Author Patients Histology FIGO stage Definitive RT RT technique RT dose ICBT CTx Disease OS (y)
year (n) (%) (%) (Gy) (%) control (y) (%)
[ref] (%)

TomoTherapy study 

Chen-His H 10 70% Ⅱ B- Ⅲ B 100% Helical WP 50.4 30 Gy/6 fr 100% DFS 67% (2 y)
(5) SCC Tomotherapy Gy/28 fr 77% (2 y)

Albert J 15 86% Ⅰ B-Ⅳ A 100% Helical WP 50.4 6.5 Gy/fr 86.7% PFS NA
2010 (6) SCC Tomotherapy Gy/28 fr 80% (3 y)

Y.J Kim 26 92% Ⅱ A-Ⅳ B 100% Helical WP 39.6-54 Gy 30 Gy/6 fr NA. NA 65% (3 y)
2013 (7) SCC Tomotherapy

IMRT study

Chien C 109 89% Ⅱ B-Ⅲ A 100% IMRT WP 45-54 Gy 20-33.5 Gy 100% DFS 78.2%
2011 (1) SCC CDDP 67.6% (3 y) (3 y)

Shang-wen C 320 90% Ⅰ B-Ⅲ B 100% IMRT (n=237), WP 45 Gy 24 Gy/4 fr NA DFS NA
(26) SCC 3DCRT (n=83) 78% (3 y)

3D-CRT with CS study 

Toita T 88 100% 71.5% >IIIB 100% 3DCRT WP50 Gy 24 Gy/6 fr 0% LC 77%
(12) SCC with CS 82% (3 y) (3 y)

TomoTherapy with CS study

Our study 30 83.3% 40% 1b-2b 100% Helical WP 50.4 Gy 24.3 Gy/ 73.3% PFS 86.3% 
SCC 60% 3a-4b Tomotherapy with CS 4-5fr 89.9% (2 y) (2 y)

RT: Radiation therapy; FIGO: international federation of gynecology and obstetrics; ICBT: intra-cavity brachytherapy; CTx: chemotherapy; OS: overall
survival; SCC: squamous cell carcinoma; DFS: disease-free survival; PFS: progression-free survival; NA: not available; WP: whole pelvic radiation
therapy; IMRT: intensity-modulated radiation therapy; 3DCRT: three-dimensional radiation therapy; CS: central shielding;  y: year; m: months.

Table VIII. Summary of published studies on acute hematology toxicity
of IMRT and 3D-CRT for cervical cancer.

Acute IMRT (1, 5, 8) 3D-CRT (8, 25, 39) Our study
hematology 
toxicity

Anemia G3-4: 2% >G3-4: 4.6-10% G3: 23%
G4: 0

White blood cell G3: 22-30% >G3-4: 23.1-26% G3: 43%
decreased G4: 3.3%

Neutrophil count G2 >40% >G3-4: 16% G2-3 43% 
decreased G4: 6.7%

Platelet count G2: 3-40% G2: 23% G2: 16.6%
decreased G3: 1-10% >G3-4: 6.2% G3: 3.3%

IMRT: Intensity-modulated radiation therapy; 3D-CRT: three-
dimensional conformal radiation therapy.



relationship between possible late toxicities and dose
distribution to the corresponding/counterpart OARs.

Conclusion

In the present study, the combination of IMRT consisting of
WPRT and WPRT-CS using TomoTherapy and HDR-ICBT
was feasible and resulted in good disease control and
tolerance rates for UCC patients. This method can replace
3D-CRT modalities and may become the standard RT
strategy for UCC in Asian countries in the near future, given
its low incidence of late GI and GU toxicities. 
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